Improving IV tPA Door-to-Needle Time a staggered fashion and prospectively recorded the application of these strategies for each patient. Because the changes were implemented in a staggered fashion and not every patient was eligible for the STAT stroke pathway, we were able to use multivariable regression modeling to determine the effect of each strategy. For example, a patient with mild stroke symptoms may have been thrombolysed, but the STAT stroke single call activation change would not have been triggered in this case.
Methods

Interventions
Existing DTN time strategies at our center included EMS prenotification for all patients with stroke symptoms <12 hours, stroke protocols with standard work, a single call activation system, rapid laboratory testing, immediate review of CT images by the stroke team, review of DTN time performance, and quality improvement. During regular work hours, our acute stroke team includes an attending neurologist, a nurse practitioner, and a stroke fellow; on nights and weekends, the team includes an attending neurologist and a stroke fellow. Beginning in 2012, we started a new DTN time quality improvement project, based on the 6-sigma approach, that includes the DMAIC (Define, Measure, Analyze, Improve, Control) process. 12 The project was called HASTE (Hurry Acute Stroke Treatment and Evaluation) and has had 3 phases.
HASTE I started on June 6, 2012 and ended on June 5, 2013 , and during this time, data were collected and analyzed to understand the current DTN time performance, along with planning of prospective interventions to be implemented in the next phase.
In HASTE II (June 6, 2013 to January 24, 2015), we implemented (1) a new triage level for severe stroke <4.5 hours from onset, termed STAT stroke, (2) registration of STAT stroke patients as unknown, allowing an immediate case record to be created, orders entered, and results assigned to that record, and (3) for all patients treated with alteplase, immediate mixing of alteplase on determining eligibility with administration of alteplase on the scanner table or just outside the CT suite, instead of transferring the patient to our stroke unit for treatment. STAT stroke patients had last known well to symptom onset <4.5 hours and severe stroke symptoms, defined as one or more of hemiplegia (operationally defined as inability to raise the arm or leg without support), aphasia, or decreased level of consciousness. The STAT stroke activation was triggered in the field through a motor test that was derived from the Cincinnati Prehospital Stroke Scale. 13 These criteria were designed to distinguish time-eligible patients with severe stroke, highly likely to be treated with alteplase, from patients with less severe stroke or unclear time of onset who were less likely to be treated. The STAT stroke pathway could be activated by EMS or by the emergency department (ED) nurse. When activated for a STAT stroke case, the stroke team was expected to cease all other activity and immediately proceed to ED triage to meet the patient on arrival. Thus, the intent of the STAT stroke protocol was to focus stroke team attention on the patients most likely to require alteplase, in the context of a busy ED with many milder or subacute stroke evaluations (>1500 stroke service admissions per year). The STAT stroke page went to the entire stroke team, regardless of whether they were on call; the page explicitly stated that a STAT stroke patient was arriving with an estimated time of arrival and some additional clinical details, such as last seen well time, sex, age, and presenting symptoms. This is in contrast to the preexisting single call activation, which was triggered after the patient was assessed in the ED, included all suspected stroke or TIA, was only sent to the neurologists on call, and did not indicate STAT stroke. The STAT stroke activation and registration as unknown interventions were implemented immediately at the start of HASTE II (June 6, 2013), and the administration of alteplase in CT or imaging area began on September 1, 2013.
In HASTE III (January 25, 2015 to June 29, 2015), we implemented a protocol to take STAT stroke patients directly to the CT scanner on the EMS stretcher. On arrival, EMS takes the patient to an awaiting ED bay, followed by rapid assessment for medical stability and neurological signs, then transport immediately to the scanner on the EMS stretcher without being transferred to a hospital bed.
Study Population
We analyzed consecutive patients treated with alteplase in our ED within 4.5 hours of last seen well, including patients who subsequently had endovascular acute stroke therapy. In-hospital stroke patients and transfer patients were excluded.
Measurements
ED admission time, EMS prenotification, and registration number were abstracted from ED triage records. STAT stroke notifications were identified by review of electronically recorded page logs. Location and time of alteplase administration was abstracted from nursing records. National Institutes of Health Stroke Scale (NIHSS) was assessed by a certified stroke team physician and recorded as part of a standard consultation template. We collected information on which interventions were applied to each patient through a robust mechanism: the STAT stroke activation was collected by reviewing the page logs; the registration as unknown was collected by the initial ED triage record that shows the patient ID sticker; and the location of alteplase administration location and stretcher-to-CT was collected by reviewing nursing documentation that actively collected this information. The charts were reviewed by 2 people (Dr Kamal and C. Stephenson); disagreements were resolved by consensus. Data were complete for all variables.
Statistical Analysis
Decrease in DTN time was analyzed using Wilcoxon rank-sum and Kruskal-Wallis tests, as well as with multivariable linear regression. Because the distribution of DTN time was skewed to the right, it was logarithmically transformed for linear regression. The univariable analyses compared the HASTE I, II, and III time periods. The analyses compared all the changes that were implemented: (1) the location that alteplase was administered (CT/imaging area, ED bay, or stroke unit); (2) whether the patient was moved directly to the CT
WHAT IS KNOWN
• Faster treatment with intravenous alteplase improves outcomes from acute ischemic stroke.
• Quality improvement programs reduce alteplase door-to-needle times (DTN) (ie, the time from emergency department arrival to initiation of treatment), but the time reductions associated with individual strategies have not been well defined.
WHAT THE STUDY ADDS
• We determined the independent associations of 4 specific strategies for reducing DTN time for intravenous alteplase, using a prospective pre-and postintervention study design while simultaneously controlling for each strategy, as well as secular trends and patient characteristics.
• Administering alteplase in the diagnostic imaging area reduced DTN time by 32%; moving the patient to the diagnostic imaging area on the Emergency Medical Services stretcher reduced DTN time by 30%; registering the patient as unknown, prior to full identification by family members or an informant, reduced DTN time by 12%; and simultaneous notification by group pager of an incoming patient with high stroke severity reduced DTN time by 11%. Improving IV tPA Door-to-Needle Time on EMS stretcher; (3) whether the patient was registered as unknown; and (4) whether the STAT stroke prenotification protocol was used.
Covariates were selected based on clinical knowledge of factors associated with DTN time: NIHSS (categorized as mild <6, moderate 6-8, or high >8), age, sex, 14 whether the patient was on an anticoagulant (which we hypothesized would be associated with longer DTN time because of the need for coagulation testing to determine alteplase eligibility), 15 arrival during regular business hours, 5 and EMS prenotification. 16 Calendar time (linear, in days) was included in the model to control for confounding by overall temporal trends. Because each HASTE phase would be colinear with the new DTN time improvement strategies, in our primary analysis, we modeled the strategies themselves rather than HASTE phase, whereas in a secondary analysis, we determined the effect of HASTE phases instead of the individual strategies. We used Cook's distance and the variance inflation factor to verify that the model findings were not unduly influenced by outlying values or colinearity between variables, respectively. Statistical analyses were done using Stata version 14 (StataCorp LP, College Station, TX).
Ethical Approval
Written consent from patients or next of kin was not obtained because this was a quality improvement study that involved assessment of the standard of care. This study was approved by the University of Calgary institutional review board.
Results
There were 350 consecutive eligible patients treated with alteplase during the HASTE project (June 6, 2012, to June 29, 2015). Mean age was 71.6 years (SD 16.35), 48.3% were women, and median NIHSS score was 13. The number of patients in each evaluated group is shown in Table 1 by HASTE phase.
The univariable analysis showed that median DTN time was lower during each time period of the HASTE project: 53 minutes in HASTE I, 45 minutes in HASTE II, and 35 minutes in HASTE III (P=0.0002; Table 2 ). There were 136 alteplasetreated STAT stroke pathway patients in HASTE II and III, out of 595 total STAT stroke pages. STAT stroke patients (n=136) had median DTN time of 42.5 minutes in HASTE II and 34 minutes in HASTE III (P=0.03), whereas non-STAT stroke patients (n=119) had median DTN time of 49.5 minutes in HASTE II and 41 minutes in HASTE III (P=0.33). Compared with HASTE I (baseline), the differences in DTN time were significant for STAT stroke patients (P=0.0003 for HASTE II and P<0.0001 for HASTE III compared with HASTE I); however, there was no difference in DTN time for non-STAT stroke patients when compared with baseline (P=0.48 for HASTE II and P=0.17 for HASTE III compared with HASTE I).
In univariable analyses, the following strategies were found to be associated with lower median DTN time (Figure) : STAT stroke prenotification (median DTN time of 40 minutes versus 51 minutes without; P<0.0001); registering the patient as unknown (40 minutes versus 53 minutes when not registered as unknown; P<0.0001); and moving the patient to the CT on EMS stretcher (28 minutes versus 48 minutes; P<0.0001; Table 2 ). Median DTN time was lower when alteplase was administered in the CT (29 minutes versus 47 minutes when administered in the ED; P=0.0001).
The multivariable analysis that was adjusted for patient demographic factors, process factors, and study time showed that administering alteplase in the scanner or imaging area reduced DTN time by 32% compared with administering alteplase in the ED bay (P<0.0001; Univariable analyses were performed using Kruskal-Wallis tests and Wilcoxon rank-sum tests as appropriate. Multivariable analyses were performed using linear regression (DTN time was log transformed as it was heavily right skewed). CT indicates computed tomography; DTN time, door-to-needle time; ED, emergency department; EMS, emergency medical services; HASTE, Hurry Acute Stroke Treatment and Evaluation program; and NIHSS, National Institutes of Health Stroke Scale.
*In reference to HASTE I mean DTN time of 59 min, holding all other factors constant. Improving IV tPA Door-to-Needle Time
In a secondary analysis, we estimated the effect of each HASTE phase controlling for demographics, time, stroke severity, and anticoagulant use (Table 3 ). This analysis showed that compared with HASTE phase I, HASTE phase II was associated with 16% lower DTN time (P=0.003) and HASTE phase II was associated with 31% lower DTN time (P<0.001).
Discussion
All the changes that were implemented were associated with significant improvements in DTN time. Administering alteplase in the scanner/imaging area and moving the patient to the CT scanner on EMS stretcher were associated with the largest reductions in DTN time. Many assessment and treatment aspects of the patient flow from the ED triage through to treatment can be done in parallel with a key exception: brain imaging is mandatory. Thus, the 2 key steps (door-to-CT and CT-to-needle) can be made faster with these 2 key changes.
It is important to have smaller changes in place to enable treatment in the imaging area and a direct-to-CT approach. These include creating a thrombolysis kit in a tackle box, which includes medications (antiemetic, antihypertensive, and antiepileptic), syringes, needles, intravenous catheters, and basic noninvasive airway tools (O 2 masks, nasal prongs, etc). The CT scanner and imaging area must have immediate access to suction to manage vomiting. Our kit contains a vial of alteplase, but also metoclopramide, dimenhydrinate, hydralazine, labetalol, midazolam, and necessary syringes, needles, tubing, and intravenous catheters to allow medication delivery acutely.
In this study, providing alteplase in the CT imaging area, rather than after transport back to the ED, shortened DTN time by 32%, controlling for stroke severity, demographics, calendar time trends, and other DTN time improvement strategies. This approach holds promise to reduce delays from imaging to needle, which can be substantial. A recent analysis of the Michigan Paul Coverdell Acute Stroke Registry showed that mean imaging-to-needle time (60.1 minutes) far exceeded mean door-to-imaging time (22.8 minutes), accounting for 64.6% of hospital variation in DTN time. 17 Prior work has identified that locating the CT scanner near the emergency room shortens treatment times. 3 We also compared providing alteplase in the CT imaging area to providing it on the stroke unit because our
Figure. Door-to-needle times over the entire study period. Top, The comparison between registering the patient as unknown patient identification with fully registering the patient. Bottom, The comparison between the different locations where the alteplase is administered. Dark gray shows when the patient went directly to CT on EMS stretcher compared with light gray when this protocol was not followed. A mark shown as an x indicates when the STAT Stroke protocol was not followed and a mark shown by a triangle indicates when it was followed. The size of the mark increases with larger NIHSS. CT indicates computed tomography; ED, emergency department; EMS, emergency medical services; ID, identification; NIHSS, National Institutes of Health Stroke Scale; and tPA, tissue-type plasminogen activator. Improving IV tPA Door-to-Needle Time institutional protocol differs from many others in that all tissue-type plasminogen activator-eligible or -treated patients go immediately from the CT scanner to the stroke unit if they are medically stable. They are transported back to the ED only if additional emergency treatment is required, such as intubation. In the new era of rapid endovascular thrombectomy for stroke, many patients will go directly from the CT to the endovascular suite. A novel aspect of our study is that we have quantitated the time savings associated with alteplase administration in the imaging suite. National quality improvement strategies to reduce imaging-to-needle time, including providing alteplase in the imaging suite, are needed.
Transporting the patient directly to CT while on the EMS stretcher was independently associated with a 30% reduction in DTN time. Because of congestion in our ED triage area and the physical layout of our ED, with the ED bays located between ED triage and the CT scanner, we planned for the ED physician, ED nurse, and acute stroke team to meet the patient in the ED bay, rather than the triage area, en route to CT. Therefore, our protocol could be considered a variant on the direct-to-imaging practice advocated as one of the key best practice strategies in the American Heart Association Target: Stroke program. 18 Our finding of a substantial DTN time reduction associated with direct transport to imaging is consistent with other studies. 19, 20 Routinely registering the patient with a unique unknown ID number, instead of identifying the patient and matching them to their known ID number, was associated with 12% lower DTN time. Assigning an ID number at our hospital involves matching 2 pieces of ID, a healthcare card and a photo ID, with verification by direct interview of the patient (or a family member if they are unable to communicate). Preregistration before patient arrival is not possible in our jurisdiction because privacy legislation in our province prevents transmittal of patient-identifiable information by EMS en route, and health system regulations prevent patient registration without confirmation by the patient or a witness. Because many stroke patients are not competent to identify themselves because of aphasia or impaired consciousness, the search for a witness to identify the patient can introduce delays of 10 to 15 minutes. During this time, CT imaging cannot be ordered because the patient is not registered in the electronic order entry system. Our understanding is that many other hospitals have similar delays where imaging cannot be ordered because the patient is not yet electronically registered (personal communications).
To eliminate this delay, we routinely registered STAT stroke Multivariable analyses were performed using linear regression (DTN time was log-transformed as it was heavily right skewed). DTN time indicates door-to-needle time; ED, emergency department; EMS, emergency medical services; HASTE, Hurry Acute Stroke Treatment and Evaluation program; and NIHSS, National Institutes of Health Stroke Scale.
*In reference to HASTE I mean DTN time of 59 min, holding all other factors constant. Improving IV tPA Door-to-Needle Time patients as unknown, adopting a protocol already in use for high priority trauma patients who are also usually unable to identify themselves because of depressed consciousness or severe pain. When witnesses arrive and the patient identity is later confirmed, the unique unknown number is then linked to the actual patient ID. Our STAT stroke prenotification page was associated with a moderate reduction DTN time (11%). Greater severity of stroke was associated with faster treatment, consistent with other studies.
14 Milder stroke patients may not initially be recognized as acute stroke patients or may not be considered immediately as potential candidates for thrombolysis, with resultant failure to trigger the fast protocol changes we implemented. However, some patient factors associated with DTN time in large national studies, such as age, were not associated with lower DTN time at our site. 14 Finally, as expected, prenotification was not associated with shorter DTN time times because this was in place both before and after our interventions.
Strengths of this analysis include the prospective implementation of multiple process changes with a preintervention control phase and individual patient-level data on each process, allowing determination of the independent association of each process with lower DTN time. In contrast, recent highly cited papers either lacked a prospectively designed control phase 4 or implemented multiple interventions simultaneously without multivariable adjustment to determine the independent effects 20 of each intervention. We have also provided information on the effectiveness of relatively understudied interventions, including giving alteplase in the imaging suite and registration of the patient as unknown.
However, this study also has limitations. Although we used a prospectively designed preintervention control phase, the interventions were not randomly assigned, and therefore, our estimates may be affected by unmeasured confounding, even though we controlled for all known factors associated with DTN time in our study population. We took advantage of the fact that protocol changes are not invariably and immediately implementable, leading to some variation in whether HASTE interventions were implemented, which we could analyze. However, we did not collect reasons why specific interventions were not applied after the implementation date for the intervention. Most likely, variable application reflected incomplete adherence to the HASTE protocols, but we cannot exclude that other factors, such as delayed stroke recognition, could have played a role. We did not look at specific patient reasons for outlying times, including whether the stroke was initially mild but worsened; however, a prior study by our group using pre-HASTE data showed that outlying times were often related to delayed recognition, management of comorbid medical conditions, or systems factors. 21 This study was conducted in a single high-volume academic center, and future studies will be needed to understand whether the effects seen in this study are generalizable to other centers with other acute stroke protocols and to understand why specific changes were not applied through documentation of reasons when an intervention is not applied to a patient. We did not collect data on stroke mimics or tissue-type plasminogen activator-related hemorrhage; however, prior studies suggest that DTN time reduction programs do not increase the risk of tissue-type plasminogen activator complications. 10 Furthermore, specific changes may differ based on the policies and structures of different hospitals and jurisdictions; however, the effect of similar changes at other hospitals can be tested to determine their effect on DTN time. We did not experience undue burden on stroke team and ED CT resources when implementing the HASTE program, but the capacity for similar programs at other centers must be determined individually in light of available resources.
We reduced DTN time by implementing 4 key strategies and quantified their relative effect: STAT stroke prenotification protocol, registering the patient as unknown, administering alteplase in the CT scanner or imaging area, and moving the patient to the CT on the EMS stretcher. Two of these strategies were novel, less well-studied strategies that were independently associated with reductions in DTN time: giving alteplase in the imaging suite and immediately registering the patient with a unique unknown ID number on admission to allow entry of CT orders without delay. These newer strategies could be promoted in future regional and national DTN time quality improvement initiatives. 
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